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(57) According to the present invention, there are 
provided an SOI wafer wherein surface roughness of an 
SOI layer surface of the SOI wafer is 0.12 nm or less in 
terms of RMS value and/or interface roughness of an 
interface between the SOI layer and a buried oxide layer 
of the SOI wafer is 0.12 nm or less in terms of RMS 
value, and a method for producing an SOI wafer, which 
comprises mirror-polishing an SOI wafer, removing a 
native oxide film on a surface of the wafer or forming a 
thermal oxide film having a thickness of 300 nm or more 
on the surface and removing the thermal oxide film, and 
subjecting the wafer to a heat treatment in an atmos- 
phere of 100% hydrogen or a mixed gas atmosphere of 
argon and/or nitrogen containing 10% or more of hydro- 
gen by using a rapid heating and rapid cooling appara- 
tus.Thus, there can be obtained an SOI wafer of high 
quality having surface roughness of the SOI layer sur- 
face and interface roughness of the SOI/BOX interface 
that affect extremely little on the fluctuation of device 
characteristics of MOS devices fabricated by using the 
SOI wafer, such as dielectric breakdown voltage, 
threshold voltage and carrier mobility, and a method for 
producing the same. 
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EP 1 100 127 A1 

Description 

Technical Field 

5 [0001] The present invention relates to SOI wafers wherein a silicon oxide film insulator layer is formed in a silicon 
single crystal wafer, and methods for producing an SOI wafer. 

Background Art 

10 [0002] The so-called SOI (Silicon On Insulator) structure, which comprises an active silicon layer on an electrically 
insulating silicon oxide film, can provide excellent processing velocity of devices, low power consumption, high break- 
down voltage, environmental friendliness etc., and therefore attracts much attention in recent years. As typical produc- 
tion methods of SOI wafers having such an SOI structure, there are the SIMOX (Separation by Implanted Oxygen) 
method, and the bonding method. 

15 [0003] The SIMOX method is a technique that comprises implanting oxygen ions ( 16 0 + ) of a high concentration 
from a surface of a silicon wafer to form a high concentration oxygen ion implanted layer at a predetermined depth in 
the wafer, and annealing the wafer at a high temperature of, for example, 1 100-1300°C for several hours to convert the 
high concentration ion implanted layer into Si0 2 that serves as a buried oxide layer (it is also referred to as "BOX" here- 
after) of an SOI wafer, and it has an advantage that a uniform SOI layer thickness can be obtained. However, it suffers 

20 from a problem that crystallinity of the SOI layer is degraded. 

[0004] Further, the bonding method is a technique that comprises bonding two silicon wafers via a silicon oxide film. 
In this method, as described in, for example, Japanese Patent Publication (Kokoku) No. 5-46086, an oxide film is formed 
on at least one of the two wafers, the wafers are closely contacted with each other so as not to contain any foreign mat- 
ters between the surfaces to be bonded, and then they are subjected to a heat treatment at a temperature of 200- 

25 1200°C to enhance the bonding strength. Because it enables subsequent grinding and polishing processes of the 
bonded wafers of which bonding strength is enhanced by the heat treatment, the wafer of the device fabrication side 
can be processed by grinding and polishing to reduce its thickness to a desired thickness, and thereby SOI layer on 
which devices are fabricated can be formed. 

[0005] A bonded SOI wafer produced as described above has advantages of excellent crystallinity of the SOI layer 

30 and high reliability of the produced buried oxide layer existing immediately below the SOI layer. However, because a thin 
film should be formed by grinding and polishing, the operation for producing the thin film takes time, and there are gen- 
erated material loss. In addition, the uniformity of the film thickness obtained by this method is only in a level of the 
desired film thickness ± about 0.3 u,m. As a method for making a thin film that solves such problems of the bonding 
method as for uniformity of film thickness, there has been developed a method called hydrogen ion delamination 

35 method as disclosed in Japanese Patent Laid-open (Kokai) No. 5-21 1 1 28. 

[0006] This hydrogen ion delamination method is a technique that comprises forming an oxide film on at least one 
of two silicon wafers, implanting at least one of hydrogen ions or rare gas ions into one of the silicon wafers from its 
upper surface to form a fine bubble layer (enclosed layer) inside the silicon wafer, bringing the ion-implanted surface into 
contact with the other wafer via the oxide film, then subjecting the wafers to a heat treatment (delaminating heat treat- 

40 ment) to delaminate one of the wafer as a thin film at the fine bubble layer as a cleavage plane (delaminating plane), 
and further subjecting them to a heat treatment (bonding heat treatment) for firmly bonding them to obtain an SOI wafer. 
The surface (delaminated surface) of the SOI wafer produced as described above becomes a relatively good mirror sur- 
face. However, in order to obtain an SOI wafer having a surface roughness comparable to an ordinary mirror-polished 
wafer, it is necessary to perform polishing with extremely little stock removal for polishing, called touch polish. 

45 [0007] By this method, an SOI wafer having extremely high uniformity of the SOI layer is relatively easily obtained, 
and in addition, it has an advantage that the material can be used effectively, because the delaminated one of the 
wafers can be recycled. 

[0008] Further, this method also enables silicon wafers to directly bond together without an intermediate oxide 
layer, and it can be used not only for bonding silicon wafers together, but also for bonding a silicon wafer to an insulating 
so wafer such as quartz, silicon carbide, alumina or the like having a different coefficient of thermal expansion by implant- 
ing ions into the silicon wafer. 

[0009] By the way, in addition to the problem concerning the crystallinity of the SOI layer, the wafer produced by the 
aforementioned SIMOX method suffers from a problem that the interface between the SOI layer and BOX (it may be 
also referred to as "SOI/BOX interface" hereinafter) would have serious unevenness, and hence characteristics of the 
55 fabricated devices may be likely to fluctuate. As a method for solving this problem, Japanese Patent Laid-open (Kokai) 
No. 7-263538 discloses a method that can reduce an RMS value (Root Mean Square Value: square average and 
square root roughness), which represents roughness of interface, of about 2 nm to a level of about 0.85 nm. 
[0010] As for an SOI wafer produced by the bonding method, however, the interface roughness of the SOI/BOX 
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interface has not caused a problem. That is, because the bonded SO! wafer is obtained by bonding two of mirror-pol- 
ished silicon wafers via an oxide film as described above, the interface roughness of the SOI/BOX interface depends on 
the surface roughness of the silicon wafers used. The level of surface roughness of silicon wafers currently used for the 
production of bonded SOI wafers is about 0.15 nm in terms of RMS, and thus the SOI/BOX interface produced by using 
5 such wafers have an interface roughness at a level comparable to it. This is considerably excellent level compared with 
that provided by SIMOX, and hence the interface roughness of the SOI/BOX interface of an SOI wafer produced by the 
bonding method has not caused a problem. 

[001 1] However, the development of the techniques for making a thin film such as the aforementioned hydrogen ion 
delamination method drastically progressed the method for forming a thin film of an SOI wafer and improved thickness 

10 uniformity thereof, and thus it became well possible to obtain an SOI layer having an extremely small thickness, i.e., 100 
±10 nm. As a result, it was found that, even if the level of the surface roughness of the SOI layer surface or the interface 
roughness of the SOI/BOX interface is about 0.15 nm, which had not been conventionally considered a problem, the 
characteristics of MOS devices fabricated by using the SOI wafer, such as oxide dielectric breakdown voltage, threshold 
voltage and carrier mobility, might be adversely affected, i.e., they might be fluctuated, for example, if the thickness of 

15 the SOI layer became 500 nm or less. The major cause of this phenomenon is considered that the influence of the sur- 
face roughness of the SOI layer surface and the interface roughness of the SOI/BOX interface became significant for 
the film thickness, because the thickness of the SOI layer was made extremely small and the layer was used with uni- 
form film thickness distribution. 

20 Disclosure of the Invention 

[0012] Therefore, the present invention was accomplished in view of such problems, and its object is to provide an 
SOI wafer having surface roughness of the SOI layer surface and interface roughness of the SOI/BOX interface that 
affect extremely little on the fluctuation of device characteristics of MOS devices fabricated by using the SOI wafer, such 

25 as dielectric breakdown voltage, threshold voltage and carrier mobility, and a method for producing the same. 

[001 3] In order to achieve the aforementioned object, the present invention provides an SOI wafer wherein surface 
roughness of an SOI layer surface of the SOI wafer is 0.12 nm or less in terms of RMS value. 
[0014] Since the level of such an excellent surface roughness of the SOI surface layer of the SOI wafer is more 
excellent compared with the level of the surface roughness of ordinary mirror-polished wafers, devices fabricated on the 

30 SOI layer surface can have extremely superior device characteristics such as dielectric breakdown voltage, threshold 
voltage and carrier mobility with little fluctuation thereof. 

[0015] The present invention also provides an SOI wafer wherein interface roughness of an interface between an 
SOI layer and a buried oxide layer of the SOI wafer is 0.12 nm or less in terms of RMS value. Also in this case, good 
device characteristics with very little fluctuation can be obtained like the aforementioned SOI wafer. 
35 [0016] The present invention further provides an SOI wafer wherein surface roughness of an SOI layer surface of 
the SOI wafer is 0.12 nm or less in terms of RMS value, and interface roughness of an interface between the SOI layer 
and a buried oxide layer of the SOI wafer is 0.12 nm or less in terms of RMS value. 

[0017] Since the levels of such an excellent surface roughness of the SOI layer surface and interface roughness of 
the interface between an SOI layer and a buried oxide layer of the SOI wafer are more superior levels compared with 

40 the surface roughness and the interface roughness of ordinary SOI wafers, these surface roughness levels more effec- 
tively affect the devices formed on the SOI wafer surface, and they can have extremely superior device characteristics 
such as dielectric breakdown voltage, threshold voltage and carrier mobility with little fluctuation thereof. 
[0018] The present invention also provides a method for producing an SOI wafer, which comprises mirror-polishing 
an SOI wafer, removing a native oxide film on the wafer surface, and subjecting the wafer to a heat treatment in an 

45 atmosphere of 100% hydrogen or a mixed gas atmosphere of argon and/or nitrogen containing 10% or more of hydro- 
gen by using a rapid heating and rapid cooling apparatus. 

[0019] If an SOI wafer is mirror-polished, a native oxide film on the wafer surface is removed, and the wafer is sub- 
jected to a hydrogen annealing heat treatment by using a rapid heating and rapid cooling apparatus as described 
above, an SOI wafer having surface roughness improved to 0.12 nm or less in terms of RMS value can be obtained. 

so Therefore, if devices are fabricated on that SOI layer surface, extremely good device characteristics such as dielectric 
breakdown voltage, threshold voltage and carrier mobility can be obtained with little fluctuation thereof. 
[0020] The present invention further provides a method for producing an SOI wafer, which comprises mirror-polish- 
ing an SOI wafer, forming a thermal oxide film having a thickness of 300 nm or more on a surface of the wafer, and 
removing the thermal oxide film. 

55 [0021] Also by mirror-polishing an SOI wafer, forming a thermal oxide film having a thickness of 300 nm or more on 
a surface of the wafer, and removing the thermal oxide film as described above, the surface roughness of the SOI wafer 
can be improved, and it can be improved to 0.12 nm or less in terms of RMS value. 

[0022] The present invention further provides a method for producing an SOI wafer, which comprises mirror-polish- 
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ing a silicon wafer, removing a native oxide film on the wafer surface, subjecting the wafer to a heat treatment in an 
atmosphere of 100% hydrogen or a mixed gas atmosphere of argon and/or nitrogen containing 10% or more of hydro- 
gen by using a rapid heating and rapid cooling apparatus to produce a bond wafer, bringing the bond wafer into close 
contact with a base wafer via a silicon oxide film, subjecting them to a heat treatment, and making the bond wafer into 
5 a thin film. 

[0023] According to this method for producing an SOI wafer, since a silicon wafer of which surface roughness is 
improved by subjecting it to mirror polishing, removal of a native oxide film and hydrogen annealing heat treatment is 
used as the bond wafer, and the SOI wafer is produced by bonding it to a base wafer via an oxide film, the surface of 
the bond wafer eventually serves as the interface between the SOI layer and the buried oxide layer (SOI/BOX interface), 
w and thus an SOI wafer having interface roughness of the interface improved to 0.12 nm or less in terms of RMS value 
can be obtained. Therefore, if devices are formed on this SOI wafer, extremely good device characteristics can be 
obtained. 

[0024] In this case, the silicon oxide film can be a thermal oxide film formed on the bond wafer surface. 
[0025] If a thermal oxide film is formed on the bond wafer surface and bonded to the base wafer as described 
15 above, the SOI/BOX interface can have further higher flatness because of synergism of flattening effect of the hydrogen 
annealing heat treatment and flattening effect of the thermal oxidation, and thus the surface roughness can surely be 
improved to 0.12 nm or less in terms of RMS value. 

[0026] The present invention further provides a method for producing an SOI wafer, which comprises forming a first 
thermal oxide film on a surface of a bond wafer consisting of a mirror-polished silicon wafer, removing the first thermal 
20 oxide film, then bringing the bond wafer into close contact with a base wafer via a second oxide film, subjecting them to 
a heat treatment, and making the bond wafer into a thin film. 

[0027] According to this method for producing an SOI wafer, since a silicon wafer of which surface roughness is 
improved by subjecting it to mirror polishing, formation of the first thermal oxide film and removal of the first thermal 
oxide film is used as a bond wafer, and the SOI wafer is produced by bonding it to a base wafer via the second oxide 
25 film, the surface of the bond wafer having improved surface roughness eventually serves as the interface between the 
SOI layer and the buried oxide layer (SOI/BOX interface), and thus an SOI wafer having interface roughness of the inter- 
face improved to 0.12 nm or less in terms of RMS value can be obtained. Therefore, if devices are formed on this SOI 
wafer, extremely good device characteristics can be obtained. 

[0028] In this case, the second oxide film can be a thermal oxide film formed on the bond wafer surface. 

30 [0029] If a thermal oxide film is formed on the bond wafer surface and bonded to the base wafer as described 
above, the SOI/BOX interface can have further higher flatness because of the flattening effect of the thermal oxidation, 
and thus the surface roughness can surely be improved to 0.12 nm or less in terms of RMS value. 
[0030] The present invention further provides a method for producing an SOI wafer, which comprises removing a 
native oxide film on the surface of the aforementioned SOI wafer produced by making the bond wafer into a thin film, 

35 and subjecting the wafer to a heat treatment in an atmosphere of 100% hydrogen or a mixed gas atmosphere of argon 
and/or nitrogen containing 10% or more of hydrogen by using a rapid heating and rapid cooling apparatus. 
[0031] According to this method for producing an SOI wafer, since the surface of the SOI wafer of which SOI/BOX 
interface has been already flattened is further flattened for surface roughness by the removal of the native oxide film 
and the hydrogen annealing heat treatment, the thickness uniformity of the SOI layer can further be improved by the 

40 synergism of the flattening effect for the SOI/BOX interface and the flattening effect for the surface roughness of the SOI 
wafer. Therefore, if devices are formed on this SOI wafer, extremely good device characteristics can be obtained. 
[0032] The present invention still further provides a method for producing an SOI wafer, which comprises forming a 
thermal oxide film on the surface of the aforementioned SOI wafer produced by making a bond wafer into a thin film, 
and removing the thermal oxide film. 

45 [0033] According to this method for producing an SOI wafer, since the surface of the SOI wafer of which SOI/BOX 
interface has been already flattened is further flattened for surface roughness by the formation of the thermal oxide film 
and the removal of the thermal oxide film, the thickness uniformity of the SOI layer can further be improved by the syn- 
ergism of the flattening effect for the SOI/BOX interface and the flattening effect for the surface roughness of the SOI 
wafer. Therefore, if devices are formed on this SOI wafer, extremely good device characteristics with little fluctuation 

so thereof can be obtained. 

[0034] As explained in detail above, according to the present invention, an SOI wafer of high quality having surface 
roughness of the SOI wafer and/or the SOI/BOX interface roughness of 0.12 nm or less in terms of RMS value can eas- 
ily be produced at a low cost. 

[0035] Therefore, if MOS devices are fabricated by using the SOI wafer of the present invention, MOS devices of 
55 high quality can be provided with very little fluctuation in device characteristics such as oxide dielectric breakdown volt- 
age, threshold voltage and carrier mobility. 
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Brief Explanation of the Drawings 
[0036] 

5 Fig. 1 shows results concerning the relationship between heat treatment temperature and surface roughness in 

hydrogen annealing heat treatment. 

Fig, 2 shows results concerning the relationship between hydrogen gas concentration and surface roughness in 
hydrogen annealing heat treatment. 

Fig. 3 shows results concerning the relationship between thermal oxide film thickness and surface roughness. 
10 Fig. 4 is a flow chart representing an exemplary production process of the SOI wafer of the present invention. 

Fig. 5 is a schematic view of an exemplary rapid heating and rapid cooling apparatus used for the present invention. 

Best Mode for Carrying out the Invention 

15 [0037] Hereafter, embodiments of the present invention will be explained in detail. However, the present invention 
is not limited to these. 

[0038] The inventors of the present invention researched through experimentations aiming at improving surface 
roughness of SOI wafer surface and interface roughness of SOI/BOX interface, which adversely affects fluctuation in 
characteristics of MOS devices fabricated by using an SOI wafer, such as oxide dielectric breakdown voltage, threshold 

20 voltage and carrier mobility. As a result, they found that, as for surface roughness of SOI wafer surface, if an SOI wafer 
is mirror-polished, a native oxide film on the wafer surface is removed, and the wafer is subjected to a heat treatment in 
an atmosphere of 100% hydrogen or a mixed gas atmosphere of argon and/or nitrogen containing 10% or more of 
hydrogen by using an RTA apparatus, or if an SOI wafer is mirror-polished, then a thermal oxide film having a thickness 
of 300 nm or more is formed on the surface and the thermal oxide film is removed, the surface roughness is improved 

25 compared with ordinary mirror-polished surfaces. 

[0039] Further, as for the interface roughness of SOI/BOX interface, they found that, if, among two of material 
wafers (mirror polished silicon wafers) for producing a bonded SOI wafer, a wafer constituting the SOI layer (bond wafer) 
is preliminarily subjected to either one of the aforementioned two kinds of processes and then bonded to a base wafer 
that serves as a support via an oxide film, and then the wafers are processed into an SOI wafer by making the bond 

30 wafer into a thin film, an SOI/BOX interface having more excellent interface roughness compared with surface rough- 
ness of ordinary mirror-polished surfaces can be obtained. Thus, they accomplished the present invention. 
[0040] Hereafter, the present invention will be explained in detail by referring to the appended drawings. 
[0041] Fig. 1 shows results of surface roughness measurement of SOI wafers (of which SOI surfaces are mirror- 
polished surfaces) produce.d by the bonding method and mirror-polished silicon wafers (also abbreviated as "PW" here- 

35 inafter) after they were subjected to a heat treatment at a temperature of 1 000-1 200°C for 30 seconds in an atmosphere 
composed of 25% by volume of hydrogen and 75% by volume of argon by using a rapid heating and rapid cooling appa- 
ratus (RTA apparatus, SHS-2800 produced by Steag Microtec International). 

[0042] As these wafers, two kinds of wafers, i.e., those of which native oxide films were removed with a 1%aqueous 
solution of hydrofluoric acid before the RTA heat treatment and those of which native oxide films were not removed, 
40 were used. 

[0043] Further, the measurement of surface roughness was performed for an area of 2 nm square by using an 
atomic force microscope (produced by Digital Instrument, Nanoscope-ll), and represented as RMS values (square 
average and square root value). 

[0044] From the results shown in Fig. 1, it can be seen that, if the native oxide film on the surface of wafer is 
45 removed and then the wafer is subjected to the heat treatment in an atmosphere containing hydrogen by using an RTA 
apparatus, the surface roughness can be improved in a degree that it should be 0.12 nm or less, or 0.10 nm or less 
depending on the conditions, in terms of RMS value. 

[0045] In Fig. 1 , X and + represent average values of surface roughness of the SOI wafer surfaces and the PW sur- 
faces before the heat treatment, respectively. 
so [0046] As for the cause of this phenomenon, it is considered as follows. In general, when the heat treatment is per- 
formed in a hydrogen atmosphere at a high temperature, Si and Si0 2 are etched. Since the etching rate of Si0 2 is 
extremely slower than that of Si, if an uneven oxide film such as a native oxide film is present on the wafer surface, sur- 
face roughening is caused, due to partially uneven etching. 

[0047] Therefore, by performing the heat treatment for a wafer of which a native oxide film is completely removed, 
55 unevenness of etching can be prevented, and at the same time, the surface can be further flattened by migration of sil- 
icon atoms. 

[0048] Further, since the native oxide film is removed beforehand, it is unnecessary to remove the native oxide film 
by applying a heat treatment at a high temperature of 1200°C or higher, and the wafer can be heat-treated at a relatively 
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low temperature. Therefore, it is also becomes possible to prevent generation of slip dislocations, contamination with 
heavy metals and the like. 

[0049] Fig. 2 is a graph representing the relationship of hydrogen gas concentration in the heat treatment atmos- 
phere of an RTA apparatus and surface roughness, and it shows the relationship between the surface roughness and 
5 hydrogen gas concentration for SOI wafers and PW of which surface native oxide films were removed after they were 
subjected to the RTA heat treatment at 1 100°C for 30 seconds with different hydrogen gas concentrations in the mixed 
atmosphere of hydrogen and argon. 

[0050] From the results shown in Fig. 2, it can be seen that the surface roughness was extremely degraded after 
the heat treatment compared with the surface roughness before the heat treatment when the hydrogen gas concentra- 

10 tion was less than 10%, whereas it was improved when it was 10% or more. 

[0051] The reason why this phenomenon was caused is considered that, if the hydrogen concentration in the heat 
treatment atmosphere is low, the migration of Si atoms of the wafer surface becomes unlikely to be generated, and on 
the other hand, surface roughening due to etching effect of the mixed gas other than hydrogen (argon, nitrogen etc.), 
which does not have effect for generating the migration, becomes likely to occur. 

15 [0052] Further, it was also found that the surface could be flattened even by a heat treatment other than such RTA 
heat treatment in a hydrogen atmosphere as described above. 

[0053] Fig. 3 shows the results of surface roughness measurement for SOI wafers and PW similar to those men- 
tioned above, which measurement was performed in the same manner as mentioned above after thermal oxide films 
with different thicknesses were formed on the wafers in an atmosphere containing water vapor at 1050°C by using an 
20 ordinary heater type heat treatment furnace and the thermal oxide films were removed with 5% aqueous solution of 
hydrofluoric acid. 

[0054] From the results shown in Fig. 3, it can be seen that the surface roughness was more improved as a thicker 
oxide film was formed. In particular, it can be seen that the surface roughness was improved to about 0.12 nm or less 
in terms of RMS value, if an oxide film having a thickness of 300 nm or more was formed. 
25 [0055] As for the reason why the surface roughness is improved by the formation of oxide film as described above, 
it is considered to be caused by the effect of interstitial silicon generated by the oxidation and injected into the wafer 
surface for filling surface vacancies. Therefore, it can be construed that, as the oxide film becomes thicker, more vacan- 
cies are filled, and thus the surface roughness is improved. 

[0056] By the way, both of the aforementioned two kinds of heat treatments for improving the surface roughness tar- 
30 get a surface of wafer, and they do not target the SOI/BOX interface of bonded SOI wafer. However, if an SOI wafer is 
produced by using PW of which surface roughness is improved by the aforementioned method as a bond wafer for a 
bonded SOI wafer and bonding it to a base wafer via an oxide film, the bond wafer surface of which surface roughness 
has been improved eventually serves as the SOI/BOX interface, and therefore an SOI wafer of which interface rough- 
ness of the interface is improved can be obtained. 
35 [0057] In this case, if a thermal oxide film is formed on the bond wafer surface and bonded to a base wafer, the flat- 
tening effect of the heat treatment in a hydrogen atmosphere and the flattening effect of the thermal oxidation are com- 
bined, and thus the SOI/BOX interface is further flattened. 

[0058] Further, the combination of the flattening effect of the heat treatment in a hydrogen atmosphere and the flat- 
tening effect of the thermal oxidation can be applied not only to the SOI/BOX interface but also to the SOI surface. That 

40 is, if a mirror-polished SOI wafer is subjected to a heat treatment in a hydrogen atmosphere to flatten its surface, and 
the surface is further subjected to thermal oxidation, and then removed the oxide film, the surface roughness of the SOI 
wafer surface can further be improved, and in addition, it becomes possible not only to improve the surface roughness 
but also to make the SOI layer further thinner, while maintaining the uniformity of SOI layer thickness, by repeating the 
thermal oxidation and the removal of oxide film as required. 

45 [0059] Hereafter, the heat treatment apparatus used for the hydrogen annealing heat treatment of the silicon wafer 
and the SOI wafer of the present invention will be explained. 

[0060] Examples of the rapid heating and rapid cooling apparatus (RTA apparatus) for silicon wafers used for the 
present invention include apparatuses such as lamp heaters for heat radiation. As an example of commercially available 
apparatuses, for example, Model SHS-2800, produced by Steag Microtec international, can be mentioned. These 
so apparatuses are not particularly complicated, and are not expensive either. 

[0061] As an example of the heater type heat treatment furnace, apparatuses like cc-8 produced by Tokyo Electron, 
Ltd. can be mentioned. 

[0062] Fig. 5 shows an exemplary rapid heating and rapid cooling apparatus for silicon wafers and SOI wafers used 
for the present invention. 

55 [0063] The heat treatment apparatus 10 shown in Fig. 5 has a chamber 1 made of quartz, and a wafer is heat- 
treated within this chamber 1 . Heating is achieved by heating lamps 2, which are disposed under and over the chamber 
and at left and right of the chamber so that they should surround the chamber 1. Electric power supplied to these lamps 
2 can be independently controlled. 
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[0064] An automatic shutter 3 is provided at the gas exhausting side, and it shuts the outer air. The automatic shut- 
ter 3 has a wafer insertion port not shown in the figure, which can be opened and dosed by a gate valve. The automatic 
shutter 3 is also provided with a gas exhausting outlet, so that the atmosphere in the furnace can be controlled. 
[0065] The wafer 8 is placed on a three-point supporting part 5 formed on a quartz tray 4. A buffer 6 made of quartz 
5 is provided at the gas inlet side of the tray 4, so that it can prevent the wafer 8 from being directly blown by the intro- 
duced gas flow. 

[0066] Further, the chamber 1 is provided with a special window for temperature measurement, which is not shown 
in the figure, and the temperature of the wafer 8 can be measured by a pyrometer 7 installed in the outside of the cham- 
ber 1 through the special window. 
10 [0067] By using the heat treatment apparatus 10 mentioned above, the heat treatment for rapid heating and rapid 
cooling of the silicon wafer 8 is performed as follows. 

[0068] First, the wafer 8 is loaded into the chamber 1 from the insertion port and placed on the tray 4 by a wafer 
handling apparatus, which is installed at a position adjacent to the heat treatment apparatus 10 but not shown in the 
figure. Then, the automatic shutter 3 is closed. 

15 [0069] The inside of the chamber 1 is sufficiently purged with nitrogen gas, and then the atmospheric gas is 
changed to 100% hydrogen or a mixed gas of hydrogen and Ar or nitrogen. Subsequently, electric power is supplied to 
the heating lamps 2 to heat the wafer 8 to a predetermined temperature, for example, 1000°C to 1300°C. In this oper- 
ation, it takes, for example, about 20 seconds to attain the desired temperature. Then, the wafer 8 is maintained at the 
temperature for a predetermined period of time, and thus the wafer 8 can be subjected to a high temperature heat treat- 

20 ment. When the predetermined time has passed and the high temperature heat treatment was finished, output of the 
lamps is reduced to lower the temperature of the wafer. This temperature decrease can also be attained during a period 
of, for example, about 20 seconds. Finally, the wafer is unloaded by the wafer handling apparatus to finish the hydrogen 
annealing heat treatment. 

[0070] When other wafers are further subjected to the heat treatment, the wafers can be successively loaded to 
25 continuously perform the RTA treatment. When the thermal oxidation treatment is performed by using an RTA appara- 
tus, the treatment temperature, treatment gas atmosphere etc. can be changed. 

[0071] The present invention will be explained hereafter with reference to the following example of the present 
invention and comparative example. However, the present invention is not limited to these. 

30 (Example and Comparative Example) 

[0072] Silicon wafers (PW) having a diameter of 200 mm, each of which one side was mirror-polished, were pre- 
pared as bond wafers and base wafers in a number of six for each, and 6 bonded SOI wafers were produced by using 
these 12 wafers according to the production process shown in Fig. 4. 
35 [0073] The detailed production conditions of each step of the flow chart shown in Fig. 4 are as follows. 

[1] Heat treatment step for bond wafer 

[0074] Bond wafers of which native oxide films were removed with 1% aqueous solution of hydrofluoric acid were 
40 subjected to either one of the following steps of (a) and (b). 

(a) Heat treatment was performed at 1 100°C for 30 seconds in an atmosphere containing 25% by volume of hydro- 
gen and 75% by volume of argon by using an RTA apparatus (SHS-2800). 

(b) Heat treatment was performed at 1050°C in an atmosphere containing water vapor in a heater type heat treat- 
45 ment furnace to form a thermal oxide film having a thickness of about 300 nm, and then the thermal oxide film was 

removed with 5% aqueous solution of HF 

[2] Hydrogen ion implantation step 

so [0075] Oxide film thickness (buried oxide film thickness) before implantation of hydrogen ions: a thermal oxide film 
having a thickness of 1 00 nm was formed. 

[0076] Hydrogen ion implantation condition (formation of delamination layer) : H + ions, 45 keV, 8 x 10 16 atoms/cm 2 
[3] Delamination heat treatment step 

55 

[0077] Heat treatment was performed at 500°C for 30 minutes in a nitrogen atmosphere. 
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[4] Bonding heat treatment step 

[0078] Heat treatment was performed at 1 100°C for 120 minutes in a nitrogen atmosphere. 
5 [5] Touch polish step 

[0079] Stock removal for polishing: about 10 nm 

[0080] By this operation, an SOI wafer was obtained in which an SOI layer had a film thickness of 280 nm and fluc- 
tuation thereof in plane of ± 5 nm. 

10 

[6] Heat treatment step for SOI layer 
[0081] 

15 (a) Heat treatment was performed at 1 100°C for 30 seconds in an atmosphere containing 25% by volume of hydro- 
gen and 75% by volume of argon by using an RTA apparatus (SHS-2800). 

(b) Heat treatment was performed at 1050°C in an atmosphere containing water vapor in a heater type heat treat- 
ment furnace to form a thermal oxide film having a thickness of about 300 nm, and then the thermal oxide film was 
removed with 5% aqueous solution of HR 

20 

[0082] According to the production process of SOI wafers shown in Fig. 4, 6 sets of SOI wafers were prepared with 
different production conditions (Examples 1-5, Comparative Example 1) by using combinations of the bond wafer heat 
treatment and the SOI heat treatment shown in Table 1 . Surface roughness of SOI layer and SOI/BOX interface rough- 
ness of these SOI wafers (RMS value for 2 \im square) were measured by AFM (atomic force microscope), and the 
25 results are shown in Table 1 . 

[0083] As for the measurement of the SOI/BOX interface roughness, the SOI layer was removed by etching with 
TMAH (tetramethylammonium hydride) solution and surface roughness of the exposed BOX surface was measured and 
evaluated. 
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(Table 1) 



^^^Example No. 
Item ^^^^ 


Example 


Comparative 
Example 1 


1 


2 


3 


4 


5 


treatment 


None 


(a) 


(a) 


(b) 


(b) 


None 


SOI heat 
treatment 


(a) 


(a) 


(b) 


(a) 


(b) 


None 


SOI/BOX 
interface 
roughness (nm) 


0,133 


0.095 


0.097 


0.115 


0.113 


0.135 


SOI surface 
roughness (nm) 


0.097 


0.101 


0.120 


0.105 


0.118 


0.145 



10 



15 



20 



25 



30 



35 



[Note] 

(a) Heat treatment was performed at 1100°C for 30 
seconds in an atmosphere containing 25% by volume of 
hydrogen and 75% by volume of argon by using an RTA 
apparatus (SHS-2800) . 

(b) Heat treatment was performed at 1050 °C in an 
atmosphere containing water vapor in a heater type 
heat treatment furnace to form a thermal oxide film 
having a thickness of about 300 nm, and then the 
thermal oxide film was removed with 5% aqueous 
solution of HF. 



40 

[0084] From the results of the SOI layer surface roughness and the SOI/BOX interface roughness shown in Table 
1, it can be seen that SOI wafers having the SOI layer surface roughness and/or the SOI/BOX interface roughness of 
0.12 nm or less in terms of RMS value can be obtained according to the present invention. 

[0085] That is, there can be provided, as SOI wafers for MOS devices, SOI wafers that can markedly reduce flue- 
45 tuation of MOS device characteristics such as oxide dielectric breakdown voltage, threshold voltage and carrier mobility, 
and methods for producing them. 

[0086] The present invention is not limited to the embodiments described above. The above-described embodi- 
ments are mere examples, and those having the substantially same structure as that described in the appended claims 
and providing the similar functions and advantages are included in the scope of the present invention. 
so [0087] For example, in the aforementioned embodiments of the present invention, SOI wafers were prepared from 
a silicon single crystal having a diameter of 200 mm (8 inches). However, the present invention can satisfactorily be 
used for those of a recently used larger diameter of 250 mm (10 inches) to 400 mm (16 inches) or more. 
[0088] Further, while only a case where the RTA heat treatment or the formation and removal of oxide film were per- 
formed for bond wafers was exemplified, they may be performed for base wafers. 



55 



Claims 

1. An SOI wafer wherein surface roughness of an SOI layer surface of the SOI wafer is 0.12 nm or less in terms of 
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RMS value. 

2. An SOI wafer wherein interface roughness of an interface between an SOI layer and a buried oxide layer of the SOI 
wafer is 0.12 nm or less in terms of RMS value. 

5 

3. An SOI wafer wherein surface roughness of an SOI layer surface of the SOI wafer is 0.12 nm or less in terms of 
RMS value, and interface roughness of an interface between the SOI layer and a buried oxide layer of the SOI wafer 
is 0.12 nm or less in terms of RMS value. 

10 4. A method for producing an SOI wafer, which comprises mirror-polishing an SOI wafer, removing a native oxide film 
on a surface of the wafer, and subjecting the wafer to a heat treatment in an atmosphere of 100% hydrogen or a 
mixed gas atmosphere of argon and/or nitrogen containing 10% or more of hydrogen by using a rapid heating and 
rapid cooling apparatus. 

15 5. A method for producing an SOI wafer, which comprises mirror-polishing an SOI wafer, forming a thermal oxide film 
having a thickness of 300 nm or more on a surface of the wafer, and removing the thermal oxide film. 

6. A method for producing an SOI wafer, which comprises mirror-polishing a silicon wafer, removing a native oxide film 
on a surface of the wafer, subjecting the wafer to a heat treatment in an atmosphere of 1 00% hydrogen or a mixed 

20 gas atmosphere of argon and/or nitrogen containing 10% or more of hydrogen by using a rapid heating and rapid 
cooling apparatus to produce a bond wafer, bringing the bond wafer into close contact with a base wafer via a sili- 
con oxide film, subjecting them to a heat treatment, and making the bond wafer into a thin film. 

7. The method for producing an SOI wafer according to Claim 6, wherein the silicon oxide film is a thermal oxide film 
25 formed on the bond wafer surface. 

8. A method for producing an SOI wafer, which comprises forming a first thermal oxide film on a surface of a bond 
wafer consisting of a mirror-polished silicon wafer, removing the first thermal oxide film, then bringing the bond 
wafer into close contact with a base wafer via a second oxide film, subjecting them to a heat treatment, and making 

30 the bond wafer into a thin film. 

9. The method for producing an SOI wafer according to Claim 8, wherein the second oxide film is a thermal oxide film 
formed on the bond wafer surface. 

35 10. The method for producing an SOI wafer according to any one of Claims 6-9, which comprises removing a native 
oxide film on the surface of the SOI wafer produced by making the bond wafer into a thin film, and subjecting the 
wafer to a heat treatment in an atmosphere of 100% hydrogen or a mixed gas atmosphere of argon and/or nitrogen 
containing 10% or more of hydrogen by using a rapid heating and rapid cooling apparatus. 

40 11. The method for producing an SOI wafer according to any one of Claims 6-9, which comprises forming a thermal 
oxide film on the surface of the SOI wafer produced by making a bond wafer into a thin film, and removing the ther- 
mal oxide film. 



45 



50 



55 



10 



EP1 100 127 A1 



FIG. 1 



0.4 



0.3 



D.2 



0.1 



■A- 




I 

- SOI (WITH HF TREATMENT) 

• PW (WITH HF TREATMENT) 
-SOI (WITHOUT HF TREATMENT) 

• PW (WITHOUT HF TREATMENT) 
SOI (WITHOUT HEAT TREATMENT) 
PW (WITHOUT HEAT TREATMENT) 



950 1000 1050 1100 1150 1200 

HEAT TREATMENT TEMPERATURE CC) 



1250 



FIG. 2 




10 20 30 40 50 60 70 80 90 100 

HYDROGEN GAS CONCENTRATION (%) 



11 



EP1 100 127 A1 



FIG. 3 
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